Background: Neural mobilization is characterized by the neurodynamics of the nervous system with the objectives of: reducing musculoskeletal tension and pain and increasing muscular endurance and strength. Stroke is a worldwide health problem due to the impacts on quality of life, and makes the physical capacity of individuals after stroke about 40% lower of normal individuals of the same age. Objective: To verify the efficacy of neural mobilization in patients with stroke. Methods: This is a blinded randomized clinical trial performed in 12 volunteers, aged between 20 and 80 years, with a diagnosis of ischemic or hemorrhagic stroke. It was performed five mobilizations of 60 seconds in the bilateral sciatic nerve. The degree of balance and gait of the volunteers was verified, as well as the muscular strength and flexibility of the quadriceps and hamstrings muscles pre-mobilization, immediately after and after 10 sessions performed three times a week. Results: Neural mobilization on neurological patients showed positive effects in relation to flexibility, lower limb muscle strength, gait and balance. Conclusion: The present study demonstrated that the technique of neural mobilization can present good results in neurological patients with stroke sequelae. However, it is suggested that more studies be done with a larger number of volunteers and with a homogeneous sample on the approach of this technique in patients with neurological sequelae.
INTRODUCTION
The Cerebrovascular Accident (CVA), also known as "stroke", is one of the leading causes of deaths in Brazil. The patients affected by this pathology may present difficulty in walking, muscle weakness, reduction in range of motion and changes in balance and motor coordination. Stroke is among the major causes of death and functional incapacity, which generates financial loss to the public funds (1, 2) . The CVA is a global health problem (3) due to the impact on quality of life and the increase in the risk factors associated with falls, as well as the systemic complications observed in individuals with hemiparesis (4) . In Brazil, it continues to be a public health problem, overcoming coronary diseases (5, 6) . According to Macko (4) the physical capacity of individuals after CVA is 40% lower when compared to normal individuals of the same age. These functional changes favor physical inactivity and third-party dependence, especially in relation to locomotion and functional activities such as sitting and getting up and going up and down stairs.
Among the manual therapy techniques for the treatment of CVA, there is the Neural Mobilization (NM). The NM is characterized by mechanical stretching of the nervous system, which occurs through passive or active oscillatory movements with the purpose of decreasing neural tension, reducing pain and improving muscle flexibility and endurance. Neural mobilization improves the elasticity of nervous and musculoskeletal tissues due to the increase of the intraneural blood flow and improvement of the axoplasmatic flow (7, 8) . The therapeutic effects of the NM have been described in the literature. In a randomized double-blind clinical trial conducted by Maciel el al. (2012) the neural mobilization promoted maintenance in the levels of strength, muscle recruitment and resistance in the flexor muscles of wrist and fingers (9) . According to Valente et al. (2014) the neural mobilization is also able to provide increased flexibility, this fact was observed in the Fingertip-to-floor test (10) . Therefore, this study aims to observe the possible effects of neural mobilization in patients with stroke. It was investigated the effects of neural mobilization in relation to: muscular strength, flexibility, balance, functionality and gait.
METHODS

Ethical aspects
The entire procedure was approved by the Ethics Committee on Human of the Federal University of the Amazonas CAAE 12754413.5.0000.5020. Prior to the study, the volunteers completed and signed the Informed Consent Form, regarding the objectives and procedures to which they were submitted.
Study design
It is a blinded randomized clinical trial. The intervention was performed in the laboratory of Neurological Physiotherapy of the Federal University of the Amazonas (UFAM), located in the Institute of Health and Biotechnology in the city of Coari-AM. The sample consisted of 12 (twelve) volunteers, aged between 20 and 80 years of both genders, with a diagnosis of ischemic or hemorrhagic CVA.
From the twelve volunteers, eleven fit the inclusion criteria and one was excluded from the study, in which nine were right hemiparetic and two left hemiparetic. The inclusion criteria were: patients with CVA, age between 20 and 80 years, cooperative, stable clinical state, normal cognition. The exclusion criteria were subjects who presented: cardiac disorders, rheumatic and orthopedic diseases that would impede the performance of the technique, uncontrolled blood pressure, aphasia and cognitive or communication alterations that would impede the understanding of the study, or who have undergone some type of surgery recently.
Procedures
The evaluation procedures were performed in three phases: pre-intervention (before the first session), immediately after (evaluation after the technique application) and after the tenth session (final evaluation). All the volunteers were submitted to the evaluation of the flexibility and the strength of the quadriceps and hamstrings muscles, and were also evaluated the balance and the gait of them. Each measure mentioned above had a specific evaluator. To increase reliability, pleximetry and dynamometry were performed three times, and was used the arithmetic mean of the three values.
The evaluation of the flexibility of the lower limbs was tested through the fleximeter of Code  (Fleximeter  , São Paulo, SP, Brazil). The evaluator fixed the fleximeter with a Velcro on the ankle of the lower limb (LL) to be assessed, and then it was fixed in the contralateral LL to be tested. The hamstring flexibility was evaluated by the straight leg raising test. The volunteer was in supine position, legs extended, lumbar spine and sacrum in neutral position and the evaluator passively raised the assessed LL until the volunteer reported stretching of the musculature, keeping the knee extended and the foot in neutral position, and the device recorded the value automatically, while the contralateral leg was fixed on the stretcher. In order to check the flexibility of the quadriceps, the volunteer was positioned in ventral decubitus, and the evaluator fixed the fleximeter in the ankle of the evaluated LL, and passively performed the knee flexion until the volunteer reported total quadriceps stretching, the value was recorded in the device.
To evaluate the muscular strength was used an analog dynamometer Filizola  (CROWN 200 kgf, São Paulo-SP Brazil). The volunteer was positioned sitting in an extensor chair with the back supported, knees at 90 degrees, and the dynamometer was fixed with a Velcro in the ankle of the evaluated LL. In order to verify the strength of the quadriceps, the volunteer was positioned ergonomically on the equipment and performed extension of the knee with the verbal command of the evaluator; the value was registered automatically in the device and then the contralateral LL was tested. To verify the strength of the hamstrings, the volunteer was positioned ergonomically in the equipment and performed a knee flexion with the verbal command of the evaluator; the value was registered in the device.
The balance evaluation was based on the Berg Balance Scale (BBS), Brazilian version (10) . The BBS quantitatively assesses the ability of patients to maintain balance and postural control during the performance of daily functional activities, as well as to determine risk factors for loss of independence and for falls. The scale evaluates the functional balance, based on 14 common items of daily life, such as reaching, turning, standing and getting up. The maximum score that can be achieved is 56 points. Each of the 14 items has five possible punctuation alternatives; zero refers to a situation of incapacity or extreme need to a third-party to perform the activity, while score five demonstrates total independence.
The gait evaluation was performed through the Timed up and go test which is a reliability test recognized in the literature, developed in an attempt to quantify the mobility performance through the speed of the individual in performing the task (11) . The test requires that the volunteer raise from a standardized chair with support but without arms, when the evaluator command the patient must walk 3 meters, turn 180 ° and return to the chair and sit down again. The test quantifies in seconds the functional mobility, through the time that the individual accomplishes the task (12) . After the evaluation, the neural mobilization technique was applied to the bilateral sciatic nerve, using five different movements, three movements with the extended leg (proximal mobilization of the nerve) and two with the flexed leg (distal mobilization of the nerve). Neural mobilization techniques include repetitive movements of the proximal and/or distal segments, which reproduce symptoms in the mobilized MTP&RehabJournal 2018, 16: 595 nerves and muscles (13) . Each movement of mobilization had the duration of 60 seconds, with interval of 60 seconds from a mobilization to another. The proposed treatment protocol was performed individually, at a frequency of three times a week, during 10 sessions.
The first stage of the neural mobilization was performed with the volunteer in supine position on the stretcher, legs extended, lumbar spine and sacrum in neutral position, and head resting on a pillow (causing comfortable flexion of the cervical spine). Initially the therapist raised the leg to be mobilized, with the knee extended, and the foot in neutral position. Then performed dorsiflexion oscillations of the foot (until reaching the level of sensibility, i.e., range of motion and pain) and the knee extended (13) . In the second stage, the mobilization was applied with the volunteer in the same position of the first stage. However, the therapist does a dorsiflexion on the volunteer and elevates the leg to be mobilized (until reaching the level of sensitization) and holds on his shoulder, sits laterally on the stretcher and then performs the oscillatory movements of hip flexion, maintaining the dorsiflexion and extension of the knee.
In the third stage, the neural mobilization was applied with the volunteer in the same position of the first and second stage. The therapist dorsiflexes and raises the leg to be mobilized (until reaching the level of sensitization) and holds on his shoulder, sits laterally on the stretcher and then performs the oscillatory hip flexion movements (when the therapist increases the amplitude of hip flexion maintains the dorsiflexion and when the one performed the reduction of the amplitude of hip flexion performed plantar flexion) with the knees extended.
In the fourth stage, neural mobilization was applied with the volunteer in supine position on the stretcher, legs extended, lumbar spine and sacrum in neutral position, and head resting on a pillow (causing comfortable flexion of the cervical spine). The therapist performed a dorsiflexion on the LL, then hip flexion with stabilization of the knee by 90°. The physiotherapist maintained this position and performed oscillatory dorsiflexion movements.
In the fifth stage of the technique, the mobilization was applied with the volunteer in the same position of the fourth movement. However, the therapist maintained a dorsiflexion on the LL with the knee flexed at 90° and then performed oscillatory movements of the hip joint.
At the end of the 10 sessions was performed the final evaluation, in which the data were analyzed and then the results were compared.
Data analysis
The Shapiro-Wilk test was performed to analyze the normality of the data. Then, because it was a non-parametric sample in three different moments of evaluation (pre-intervention, immediately after and after ten sessions), was used the Friedman test. To verify the correlation between the variables the Spearman's rank correlation test was applied. P<0.05 was accepted as significant values. The statistical programs used were the BioEstat 5.0 (Federal University of Pará, Belém, Pará) and the GraphPad Prism 5.0 (Graphpad, Ca, EUA).
RESULTS
The present study was performed with 11 volunteers. It was observed that the right quadriceps and left hamstrings muscles had a significant increase in flexibility immediately after the application of the neural mobilization technique ( Table 1) . There was also an increase in muscle strength levels in the right and left quadriceps, as well as in the left hamstrings. However, the right hamstrings strength remained unchanged ( Table 2) .
There was a significant difference in the time performing the Timed up and go test after the 10th neural mobilization session (Figure 1 ). Note: Mean (M) and Standard deviation (DP), *p< 0.05 pre-neural mobilization X post-neural mobilization. Table 2 : Assessment of the strength of the quadriceps and hamstrings muscles. Note: Mean (M) and Standard deviation (DP), *p< 0.05 pre-neural mobilization X post-neural mobilization.
Pre M ± DP
Immediately after M ± DP After 10 sessions M ± DP Left Quadriceps 22 ± 6 23 ± 6 26 ± 7
Right Quadriceps 21 ± 9 21 ± 7 24 ± 9
Left Hamstrings 10 ± 4 11 ± 4 12 ± 4
Right Hamstrings 8 ± 5 9 ± 6 11 ± 7* The results obtained (Table 3) showed that the patients in the first evaluation of this study presented static and dynamic balance deficit, but during the immediately after evaluation and after the tenth session of the neural mobilization application, there was improvement in the balance. Figure 2 shows the strong negative correlation between the right hamstrings strength and the time performing the Timed up and go test.
DISCUSSION
Stroke is one of the main causes of death and the main cause of functional incapacity in the world (1) . Therefore, this study aimed to verify the effect of neural mobilization in relation to strength, muscle flexibility, gait and balance of patients affected by stroke, after the application of neural mobilization techniques. Neural mobilization assumes that, if there is impairment of the mechanics and/or physiology of the nervous system (movement, spasticity, conduction, axoplasmic flow), dysfunctions may occur in the system itself or in musculoskeletal structures receiving innervation (7, 8) . Neural mobilization may influence muscle strength, since it correlates neuromuscular adaptation to exercise, i.e., it depends on the integrity between central and peripheral nervous systems that are interconnected (15) . According to Maciel (9) et al (2012) neural mobilization may present maintenance levels of muscle recruitment and strength when performed before exercise, improving physical performance. In the present study, it was observed increased levels of muscle strength in the right and left quadriceps, as well as in the left hamstrings. However, the right hamstrings strength remained unchanged.
The increased strength levels of the left quadriceps and hamstrings muscles possibly influenced the gait and speed of the Timed up and go test after the ten sessions of neural mobilization, due to the improvement of the axoplasmatic flow and local blood supply caused by the oscillatory maneuvers performed in the sciatic and femoral nerves as well as in the extensor and flexor muscles of the knee (15, 16) . In this study, it was observed an increase in the hamstring and quadriceps flexibility after neural mobilization in adult hemiplegic patients, possibly because of the improvement in tissue thixotropy and reduction of tension in nervous and muscle tissues. Similar results were observed in the study of Valente (10) et al. (2014) after the application of the neural mobilization technique in the Fingertips-to-ground test, which increased flexibility of the posterior chain.
In hemiplegic patients who have suffered brain damage, the response to automatic control of posture is interrupted, contributing to impaired balance, leading to gait difficulty and risk of falls (15) . According to Shacklock (16) , the effectiveness of this approach for flexibility and pain in patients with some type of musculoskeletal injury is well described in the literature, however, it is believed that neural functions are more effective by improving the axoplasmatic flow (17, 18) . In the present study, it was observed that the Timed up and go test and the static and dynamic balance also improved after performing the neural mobilization technique in the sciatic and femoral nerves, demonstrating that the muscular strength of the lower limbs is possibly related to the balance and gait quality. According to Kerrigan (18) , hemiplegic patients with inadequate knee flexion in the swing phase may impair change in muscle activity. According to Kim and Eng (19) , the variability in gait velocity and climbing stairsperformance can be attributed from 66% to 72% to the muscular strength of the lower limbs, and the authors suggest that measures of muscular strength be incorporated in the evaluation of the locomotion of subjects after a stroke, since deficits of strength imply in decreasing the speed of it. 
Pre M ± DP
Immediately After M ± DP After 10 sessions M ± DP 45 ± 11 48 ± 6* 52 ± 3.5** Note: *p < 0.05 Pre X Immediately After; **p < 0.001 Pre X After 10 sessions. 
